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(57) An electron-emitting device in which the 

specific capacitance and the drive voltage are reduced, 
and which is capable of obtaining a finer electron beam 
by controlling the trajectory of emitted electrons. An 
electron-emitting portion of an electron-emitting member 
(4) is positioned between the height of a gate (2) and 
the height of an anode (61). When the distance (d) 
between the gate (2) and a cathode (3) is d; the 
potential difference at driving the device is V1; the 
distance between the anode (61) and the substrate (1) is 
H; and the potential difference between the anode and 
the cathode is V2, then the electric field E1 = V1/d 
during driving is configured to be within the range from 



1 to 50 times E2 = V2/H. 

FIG. 6 




Description 



BACKGROUND OF THE INVENTION - 
Field of the Invention 

[0001] The present invention relates to an electron-emitting device, an electron-emitting apparatus an electron 
source and an image-forming apparatus. The present invention also relates to a display apparatus such as a television 
broadcast display, a display for use in a video conference system or a computer display, arid to an image-forming 
apparatus designed as an optical printer using a photosensitive drum or the like. 

Related Background Art 

[0002] A field emission (FE) type of electron-emitting device which emits electrons from a surface of a metal when 
a strong electric field of 1 0 6 a V/cm or higher is applied to the metal, and which is one of the known cold cathode electron 
sources, is attracting attention. .-' - 

[0003] If the FE-type cold electron source is put to practical use, a thin emissive type image display apparatus 
can be realized. The FE-type cold electron source also contributes to reductions in power consumption and weiqht of an 
, image display apparatus. ■ ■ a 

[0004] Fig. 13 shows a vertical FE-type cold electron source structure formed of a substrate 131, an emitter electrode 
132, an insulating layer 133, an emitter 135, and an anode 136; The shape of an electron beam with Which the anode is 
irradiated is indicated by 137: This structure is of a Spindt type such that an opening is formed in the insulating 
layer 133 and the gate electrode 134 provided on the cathode 132, and the emitter 135 having a conical shape' is placed 
in the opening: (This type of structure is disclosed by, for example, C A Spindt, "Physical Properties of thin-film 
field emission cathodes with molybdenum cones", J. Appl. Phys., 47, 5248 (1 976).) 

[0005] Fig. 14 shows a lateral FE structure formed of a substrate 141, an emitter electrode 142, an insulating 
layer 143, an emitter 145, and an anode 146. The shape of an electron beam with which the anode is irradiated is - 
indicated by 147. The emitter 145 having an acute extreme end and the gate electrode 144 for drawing out electrons from 
the extreme end of the emitter are disposed above and parallel to the substrate, and the collector (anode) is formed 
above the gate electrode and the emitter electrode remote from the substrate (see USP 4,728,851, (JSP 4,904 895 etc ) 
[0006] Also, Japanese Patent Application Laid-open No. 8-1 1 5652 discloses an electron-ernitting device using fibrous 
carbon which is deposited in a narrow gap by performing thermal cracking of an organic chemical compound qas on a 
catalyst metal. « *<■•*■• ■ 

E0007] In an image display apparatus using one of the above-described FE-type electron sources, an electron beam 
spot is obtained which has a size (hereinafter referred to as "beam diameter") depending on the distance H between the 
electron source and the phosphor, the anode voltage Va, and the device drive voltage Vf. The beam diameter is smaller 
than a millimeter and the image display apparatus has sufficiently high resolution. 

[0008] In recent years, however, there has been a tendency to require higher resolution of image display apparatuses. 
[0009] Further, with the increase in the number of display pixels, power consumption during driving due to the 
device capacitance of electron-emitting devices is increased. Therefore there is a need to reduce the device capacitance 
and the drive voltage and to improve the efficiency of electron-emitting devices. 

[0010] In the above-described Spindt type of electron source, the gate is laminated on the substrate with the 
insulating layer interposed therebetween, so that parasitic capacitances are produced between large capacitances and a 
multiplicity of emitters. Moreover, the drive voltage is high, ' several ten to several hundred volts, and capacitive 
power consumption is disadvantageously large because of the specific structure. 

[0011] Also, since the beam of electrons drawn out spreads out, there is a need for a focusing electrode for 
limiting spreading of the beam. For example, Japanese Patent Application Laid-open No. 7-6714 discloses a method of 
converging electron trajectories by disposing an electrode for focusing electrons. This method, however, has the problem 
of an increase in complexity of the manufacturing process, a reduction in electron emission efficiency, etc.,. due to the 
addition of the focusing electrode. 

[0012] In ordinary lateral FE electron sources, electrons emitted from the cathode are liable to impinge on the 
opposed gate electrode. Therefore the structure of lateral FE electron sources has the problem of a reduction in the 
efficiency (the ratio of the electron current flowing through the gate and the electron current reaching the anode) and 
considerable spreading of the beam shape on the anode. 

SUMMARY OF THE INVENTION 

[0013] In view of the above-described problems, an object of the present invention is to provide an electron- 



emitting device in which the specific capacitance is reduced, which has a lower drive voltage, and which is capable of 
obtaining a finer electron beam by controlling the trajectory of emitted electrons. 

[0014] To achieve the above-described object, according to one aspect of the present invention, there is provided 
an electron-emitting apparatus comprising: 

a first electrode and a second electrode disposed on a surface of a substrate; 

firsf voltageapplication means for applying to the second electrode a potential higher than a potential applied to 
tne first electrode; 

an electron-emitting member disposed on the first electrode; 

■LSI* , diS r! ed 30 33 10 faCe Substra,e ' elec,rons emitted •» electron-emitting member 

reaching the third electrode; and . : - " ; . 

second voltage application means for applying to the third electrode a potential higher than each of the potentials 
applied to the first and second electrodes, wherein a surface of the electron-emitting member is placed between £ 
p ane containing a surface of the second electrode and substantially parallel to the surface of the substrate and a 
plane containing a surface of the third electrode and substantially parallel to the surface of- the substrate When 
the distance! aetween the second electrode and the first electrode is d; the potential difference applied between the 
second electrode and the first electrode by the first voltage application means is VI;, the, distance between the 
ttiird electrode and the substrate is H; and the potential difference between the potential applied to the third electrode 
by the second voltage application means and the potential applied to the first electrode by the first voltaqe 
apphcation means is V2, then an electric field E1 = V1/d is within the range from 1 to 50 times an electric field 

[0015] According to another aspect of the present invention, there is provided an elecfron-emitting apparatus 
compnsing: 

a first electrode and a second electrode disposed on a surface of a substrate; , -, ■ v . - : ~ 

first voltage application means for applying to the second electrode a potential higher than a potential applied to 
tne first electrode; 

a plurality of fibers disposed on the first electrode, the fibers containing carbdn as a main ingredient 

a third electrode disposed so as to face the substrate, electrons emitted from the fibers reaching the third 
electrode; and 

second voltage application means for applying to the third electrode a potential higher than -each of tne potentials 
applied to the first and second electrodes, wherein a surface region of the fibers is placed between a plane 
containing a surface of the second electrode and substantially parallel to the surface of the substrate and a plane 
containing a surface of the third electrode and substantially parallel to the surface of the substrate. 

[0016] In the above-described arrangement, the place at which the electric field concentrates is limited to one 
side of the region where an emitter material is formed, thereby enabling emitted electrons to be first drawn out toward 
the extraction electrode (gate electrode) and then made to reach the anode with substantially no possibility of 
impinging on the extraction electrode. As a result, the electron emission efficiency is improved. Also there is 
substantially no possibility of scattering of electrons on the extraction electrode, so that the size of the beam spot 
obtained on the anode is smaller than that in the conventional device having the problem of scattering on the extraction 
electrode. 

[0017] According to still another" aspect of the present invention, there is provided an electrorvemitting device 
compnsing: 



a fiber containing carbon as a main ingredient; and 



an electrode for controlling emission of electrodes from the fiber containing carbon as a main ihgredfent, wherein 
the fiber containing carbon as a main ingredient has a plurality of layered (laminated) graphenes so as not to be 
parallel to the axis direction of the fiber. 

[0018] According to a further aspect of the present invention, there is provided an electron-emitting device comprising: 

. a first electrode and, a second electrode disposed on a surface of a substrate, a gap being formed 'between the first 
and second electrodes; and. . , . > , • - n 

a fiber, provided on the first -electrode, the fiber containing carbon as a main ingredient, wherein the'second 
electrode comprises an electrode, for controlling emission of i electrons from the fiber containing carbon as a main 
ingredient, and wherein the fiber containing carbon as a main ingredient comprises graphene. 

[0019] The electron-emitting device of the present invention can stably emit electrons in a low vacuum degree at an 
increased rate for a long time period. . , s ; , , - , , ; . 

[0020] According to the present invention, a light-emitting member is provided on - the anode in the electron- 
emitting apparatus or above the electron-emitting device to form, a light-emitting device, an: image display apparatus or 
the like capable of operating in a low^yacuum degree, and effecting high^uminance emission/display for a lonq time 
period with stability. . % . . . : : 

BRIEF- DESCRIPTION OF THE DRAWINGS « 

[boil] - ' ' ;^ ; ' ; ; ' ; '. . .'; 

Figs. 1A and 1 B are diagrams showing an example of a basic electron-emitting device in accordance with the present 
invention; 

■ Figs. 2A and 2B are diagrams showing a second embodiment of the present invention; - 

Figs. 3A and 3B are diagrams showing a third embodiment of the present invention; - • - 

Fi 9 s ; .4A and 4B are diagrams showing a fourth embodiment of the present invention; -v 

Figs. 5A, 5B, 5C, and 5D are diagrams showing fabrication steps in a first embodiment of the present invention ;- 

Fig. 6 is a diagram showing an arrangement for operating the electron-emitting device of the present invention;- ' „■ 

Rg. 7 is a diagram showing an operating characteristic of the basic electron-emitting- device of the present invention; 

Fig. 8 is a diagram showing an example of the configuration of a passive matrix circuit using a plurality of. 
electron sources in accordance with the present invention; 

Fig. 9 is a diagram showing an example of the construction of an image forming panel using the electron source of 
the present invention; 

Fig. 10 is a diagram showing an example of a circuit for the image forming panel using the electron source of the 
present invention; . ^ 

Fig. 1 1 is a diagram schematically showing the structure of a carbon nanptube; 

Fig. 12 is a diagram schematically showing the structure of a graphite nanofiber; 

Rg. 13 is a diagram showing a conventional vertical FE structure;, and - 
Fig. 14 is a diagram showing an example of a conventional lateral FE structure. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

^^n^^t^^f^^ ^ inVenUOn Wi " 66 deScribed in detail »»> refere "~ to the 
22 ^ deSCnph0n ° fco ™ponents of the embodiments made below with respect to the size material 
and shape of the components and the relative positions of the components is not intended toTmit the Se rfE 
present invention except for particular mention of specified details enueo 10 limit me scope of the 

Sr ob^dS P ltage ^ ° f ? d6ViCeS iS 9enera '^ dStemiined b * me e,6cWc field * ^ extreme end of an 
' 2Lf * »he Pcsson equation and by the current , density of electron emission current according to the 
££lSZZ££. "Fowier-Nordheim equation" with a wo* function of the e.ectric field and Remitter 

SnL n hot 8 ^ 6 ' 61 ^ 0 fi6ld iS ° btained 35 *• 6,ecWc fie,d "ec«ssary for emission of electrons as the 
smaHar between the emitter extreme end and the gate electrode is smaller or the radius r of the emitter extreme end is : 

[0025] On the other hand, the maximum size Xd in the X-direction of the electron beam obtained on the anode <e o 

!S ^ ,S "T fr0m thiS re,ationshi P' an incr ease in Vf results in an increase in beam diameter. 

oS S n8eq T %i * ,efe ' i8 3 ^ t0 minimi2S « h * d *« an « D and 1,16 radius <* curvature r in order to reduced 
S \,W ^ h fP^ ,n OTwen t ion ^ , n Fins 13 

SSliSTST W J-o are CO,W8pondin9 W*nts °f thetwo arrangements are indicated by 131 and 141- Xtter 
etectrodes by 132 and 142; .nsulating layers by 133 and 143; emitters by 135 and 145" anodes bv 136 arid KkvSL 
of electron beams with which the anodes are irradiated by 137 and 147 V ' tep6S 

Sr 135 "i? J*"? ^ deSCTib6d 3b0Ve Wth reference to Ff 9- «hen Vf is applied between the 

emitter 135 and the gate 134, the strength of the electric field at the extreme end of the projection of the emitter 13-5 

:;;7t d 22T n fi s are ?r y L aken out of a emitter ^ ab °* •» ^SSEl? * 

[0030] The electnc field at the extreme end of the emitter is formed based on the shape of the extreme end of the 
emitter to have ascertain finite area on the same, so mat electrons are >*|«dK^*KSR^l2X 
emitter extreme end area according to the potential »n uui [^m me nniie 

l ^U^^Z^: e,eCtr ° nS entitted at .^ns emitted atjarger angles are 

anode 13fi £JL Tf' ? J? 93te iS ! 0rmed S ° 35 t0 h3Ve 3 drCUlar openin 9' d ! sMbu «on of electrons on the 
doseL reTatSTm^ J/TU ' Substantiall V ) circular beam shape 137. That is. the shape of the beam obtained is 
dosely related to the shape of the drawing gate and to the distance between the gate and the emitter 

SSL Of 13 *, ° f w ,ataral FE eleCtr ° n S0Ur ° e (Rg - 14) in *** e,edrons are d rawn out generally along one 
,. exfre " 1ely ,f 0n9 el6CtriC fi6ld substantial| y ^llel to the surface of the substrate H1 (laS 
25£.£! > «^oed between the emitter 145 and the gate 144, so that part 149 of electrons emitted Lm ml 

E2T" Int ° " ab ° Ve 9316 1 44 WhilS me ? mer e,ectrons ara taken into me gate electtoTe 144 
[0034] n the anangement shown in Fig. 14, electric field vectors toward the anode 146 differ in direction from those 
causing emission of electrons (the electric field from the emitter 145 toward the gate 144). Therefore the diTtributfon 
of electrons (beam spot) formed by emitted electrons on the anode 146 is increased ' ' °'stnbut.on 

tUdMn me foUnfn ™? *?*" ° Ut from ^ emi «er electrode 145 (referred to as lateral electric 

field in me following desenption for convenience sake while the electric field strengthening effect of the emitter 
configurator, » ignored) and the electric field toward the anode (referred to as "vertical eSc field" Tme 
following description) will further be described. n me 

[0036] The "lateral electnc field" can also be expressed as "electric field in a direction substantially parallel 
to the surface of substrate 131 (141)" in the arrangement shown in Fig. 13 or 14. It can also be expressed as "eSc 
SartU n .ar " °! ° PP0Siti ° n ° f 93,6 ^ ^ to *° arrangementTown ir! f Rg T 4 in 

SLuioTr 6 ^ e ' eCtriC fie ' d " 030 a,S ° expressed as " e,ectric field h-a direction substantially 
EES? °i t ?K rfaC ! ° f SUbSfrate 131 (141) " me a™gement shown in Fig. 13 or 14. or as "electric field in 
the direction in which the substrate 1 31 (141 ) is opposed to the anode 1 36 (146)" 

™fhi hu. , " thear ra n 9 em ft s hown in Fig. 14, as described above, electrons emitted from the emitter are first drawn 
r^ach mranode ^ *" ** " ^ by the ^ electric fie,d t0 

i°„ 0 ri 3 *L TOli .« ,mpOrtant f3 ( C r rc ° f tWS effeC ' are the rati ° of me stren & s of 1,16 latera l and vertical electric fields 
and the relative position of the electron emission point. 

[0040] When the lateral electric field is stronger than the vertical electric field by an order of magnitude the 
trajectones of a.most all of electrons drawn out from the emitter are gradually bent by radial potentia. piSuced by 



the lateral electric field so that the electrons fly toward the gate. A part of the electrons impinging on the gate 
ejects again in a scattering manner. After ejection, however, the electrons repeat scattering while spreading out along 
the gate by forming elliptical trajectories again and again and while being reduced in number when ejecting untii they 
are caught by the vertical electric field. Only after the scattered electrons have exceeded an equipotential line formed 
by the gate potential (which line may be called "stagnation point"), they are moved upward by the vertical electric field. 
[0041] When the lateral electric field and the vertical electric field . are approximately equal in strength, the 
restraint imposed by the lateral electric field on electrons drawn out is reduced; although the trajectories of the 
electrons are bent by the radial potential. In this case, therefore, electron trajectories appear along which electrons 
trave! to be caught by the vertical electric field without impinging on the gate. 

[0042] It has been found that if the electron emission, position at which electrons are emitted from the emitter is 
shifted from the gate plane toward the anode plane (see Fig: 6), emitted electrons can form trajectories such as to be 
caught by the vertical electric field with substantially no possibility of impinging on the gate when the lateral 
electric field and the vertical electric field are approximately equal in strength, that is, the ratio of the strength 
of the lateral electric field to that of the vertical electric field is approximately 1 to 1. i ; 

[0043] Also, a study made of the electric field ratio has shown that if the distance between the gate electrode 144 
and; the extreme end 6f the emitter electrode* 145 is d; the potential difference (between the gate electrode' arid the 
emitter electrode) when the device is driven is V1; the distance between the anode and the substrate (element) is H; and 
the potential difference between the anode and the cathode (emitter electrode) is V2, a trajectory along which electrons 
drawn out impinge on the gate is formed when the lateral electric field E1 = V1/d is 50 times or more stronger than the 
vertical electric field E2 = V2/H. ^ 
[0044] The inventor of the present invention has also found that a height s (defined as the distance between a 
plane containing a portion of a gate electrode 2 surface and substantially parallel to a substrate 1 surface and a plane 
containing an electron-emitting member 4 surface and substantially parallel to the substrate 1 surface (see Fig. 6)) can 
be determined such that substantially no scattering occurs on the gate electrode 2. The height s depends on the ratio of 
the vertical electric field and the lateral electric field (vertical electric field strength/lateral electric field 
strength). As the verticaWateral electric field ratio is lower, the height s is lower. AS the lateral electric field 
is stronger, the, necessary, height s is higher.. 

[0045] The height set in a practical manufacturing process ranges from 10 nm to 10 urn: 

[0046] :j In the conventional arrangement shown in Fig. 14r the gate 144 and the emitter (142, 145) are formed flush 
with each other along a common plane and the lateral electric field is stronger than the vertical electric field by an 
order of magnitude, so that there is a considerable tendency to reduce, by impingement on the gate, the amount of 
electrons drawn-out into the vacuum. 

[0047] Further, in the conventional arrangement* the structure of the device is determined so as to increase the 
strength of the electric field in the lateral direction, so that the electron distribution on the anode 1 46 spreads widely. 
[0048] As described above, to restrict the distribution of electrons reaching the anode 146, it is necessary (1) to 
reduce the drive voltage (Vf), (2) to unidirectionally draw out electrons; (3) to consider the trajectory of electrons 
and, if scattering on the gate occurs, (4) to consider the electron scattering mechanism (elastic scatterihg ; in particular). 
[0049] Therefore the present invention aims to provide an electron-emitting device in which the distribution of 
electrons with which the anode surface is irradiated is made finer, and in which the electron' emission efficiency is 
improved (the amount of emitted electrons absorbed in the gate electrode is reduced). 

[0050] The structure of a novel electron-emitting device in accordance with the present invention will now be 
described below in detail. 

[0051] Fig. 1 A is a schematic plan view showing an example of an electron-emitting device in accordance with the 
present invention. Fig. 1B is a cross-sectional view taken along the line 1B-1B of Fig. lA. Fig. 6 is schematic cross- 
sectional view of the electron-emitting apparatus of the present invention in a state where the electron-emitting apparatus 
having an anode disposed above the electron-emitting device of the present invention is being driven. 
[0052] In Figs. 1 A, 1B and 6 are illustrated an insulating substrate 1, an extraction electrode 2 (also referred to 
as "gate electrode" or "second electrode"), a cathode 3 (also referred to as "first electrode"), an electron-emitting 
material 4 provided on the cathode 3 (also referred to as " electron-emitting member" or "emitter material"), and an 
anode 61 (also referred to as "third electrode"). 

[0053] In the electron-emitting apparatus of the present invention, if as shown in Figs. 1A, 1B and 6 the distance 
by which the cathode 3 and the gate electrode 2 are spaced apart from each other is d; the potential difference (the 
voltage between the cathode 3 and the gate electrode 2) when the electron-ernittirig device is driven is Vf; the distance 
between the anode 61 and the surface of the substrate 1 on which the electron-emitting device is arranged is H; and the 
potential difference between the anode 61 and the cathode 3 is Va, an electric field produced to drive the device 
(lateral electric field): E1 = Vf/d is set within the range from 1 to 50 times an electric field between the anode and 
the cathode (vertical electric field): E2 = Va/H. 

[0054] The proportion of electrons impinging on the gate electrode 2 in electrons emitted from the cathode 3 is 



b™^^ Ce^ce capable of prevent an ^.^ 

-"fLnr Sh ? atera ' e, ~ Wc fi^tf" referred to in the description of the present invention can also be expressed 

2 JESSES m H L dttPCtor L substantia,, y P arallel to ^ce of substrate 1". It can abb be e^rSeHf 
electnc field in the direction in which the gate 2 is opposed to the cathode 3" • expressed as 

e^Ld a^lZZT* 1 *^™*' referr ^ t° in the description of the present invention can =aiso be 
"' SSSJ-r. a substantially perpendicular'to:the suriace of" substrate r. it can also be 

expressed a >"electnc field ,n the direction in which the substrate-1 is opposed to the anode 61" - 
L°2_ .r^ 6 '' '"^ electron-emitting apparatus of the present invention, a plane containing the surface of the 
elecfrorvemitting member 4 and substantially parallel to the surface of the substrate 1 is spa^ abaVS 

'SSV ? SUrfaCe ° f * e 93te 2 and ^tohtially parallel to thence Trte^bs^te 1 

me eSSil? 6 ' WOrd L' n .' he e,ectrorrtmittin 9 a PP ar et"S of the present invention, a plane containing me suSeo! 
61 tT»7 m '«'"9 member 4 and substantially parallel to the surface of the substrate lis placed betw^n th^e 

rfhlnh, whTJ," me u ele 4 ctron ^ rnittin 9 device of the present invention- the el^r^emitUng member 4 'is placed 
a ,hi r , { as ^ stance between the plane containing a portion of the surface of gate elertrode 2 tnf 

Wi-Cl«-5^S^r. iS T"* ^ — -9bt s is higher. P^S& 

5U5 . EX f mP,6S °! Uie inSUla6 ' n9 SUbStrate 1 are the f0,,0win9 subslrates surfaces are sufficiently cleansed- 

quarte glass; glass ,n which the content of an impurity such as Na is reduced by partial substitution 

laminate formed ,n such a manner that SiD 2 is .aminated by sputtering or the like brt^iL^SwTto 

substrate or the like; and an insulating substrate made of a ceramic such as alumina ' 9 ' 

5 S subSatT^ eXtractio ". electfode 2 and cathode 3 is an electocally conductive'member formed on the surface 

• h ♦ r«, ^ 1 by an ° rdinary vacuum film forrnin 9 technique, such as evaporation or soutterino or « 

photol, hography technique so as to face each other. The materia, of the electrodes 2 and 3 i^sSS torn for 

SZl^ 0 "' meta L S ' n,trideS ° f met3lS ' «•*•" 0f melals ' brides of metals; se^bnducto^^fe 
compounds of semiconductors. The thickness of the electrodes 2 and 3 is set within the' rande from sL^In 

ESTX 1 *™* ^ Preferab,y ' me material 01 toe electrodes 2 and 3 ?.^JS53£j 

formed of carbon, a metal, a nitride of a metal or a carbide of a metal resistant material 

£S i ? 6 mate ? al ° f ,he eleCtr0deS 2 and 3 consti toting the electron-emitting device in accordance with the 
present invention are disposed on the surface of the substrate 1. Needless to say, the extraction etacS^-SrS 

^T^tnoZT^To^. device is co «ed so that the extraction etec.ode 2 and the 

SSL ha 5 PartJ w la I- 5 **' 0356 ° f 9rDWth ° f fibr0US Carbon described belw . the electrodes are preferably formed 
of silicon having conductivity, e.g., doped polysilicon or the like H>«='«aDiy rormeo 

ra M o!ur a iJ^ t f h rJ S . aP f rehen t° n ab J ° Ul * f ° r eXampl6, 3 V ° l,a9e drop due to me sma » toickness of the electrodes, or 
L uS^l ? eectrorvemitting devices are used in,matrix form, a lowesistance wiring metallic material may 
be used to form suitable wmng portions on condition that it does not affect emission of electrons * 
ZfnL . ^'"f m3terial ( e,ectro,v e mitfin 9 member) 4 may be formed in such a manner that a film deposited by an 
ordinary vacuum film forming method such as sputtering is worked into the shape of the emitter by using a SStlteh 
as reactve ,on etching (R.E^A.temative.y. it may be formed by growing needte crystals J ZSSii ^ 

suosfrate used, the kind of gas, the gas pressure (flow rate), the etching time, the energy for forming plasma etc In 

L^tSSlS shape is —™ by s * ecan9 - Wnd of 816 suLate ' - 

Hfr t?S" °L 5f ™ teria| USed to form the emitter (electmn-emitting member) 4 are carbides, such as TiC, 
aS'JaSr HSiSj? ' ^ ^ ^ diam ° ndlike ^ ^ fining dispersed diamond, 

J"! . , J^ 1 " 9 10 the present invention, fibrous carbon is particularly preferably used as the material of the 

TtSS^S 1 - T*1 4 ' " Rbr ° US ^ r6ferred t0 in me deSCTipti0n of me P resent tovention can ateo 
be expressed as matenal in cofumnar form containing carbon as a main constituent" or "material in filament form 



containing carbon as a main constituent". Further, "fibrous carbon" can also be expressed as "fibers containing carbon 
as a main, constituent". More specifically, ^fibrous carbon" in accordance with the present invention comprises carbon 
nanotubes, graphite nanofibers, and amorphous carbon fibers. In particular, graphite nanofibers are most preferred as 
electron-emitting member 4. 

[0068] The gap between the extraction electrode 2 and the cathode 3 and the drive voltage (the voltage applied 
between the extraction electrode 2 and the cathode 3) may be determined so that the value of the lateral electric field 

^necessary for emission of electrons from the cathode, material , used is 1 to 50 times larger than that of the- vertical 

^electric field necessary for forming an image, as described above. - 
[0069] In a case where a light-emitting member such as a ; phosphor is provided on the anode, the necessary vertical 
-electric field is, preferably, within the 10'^ to 10 V/um range. For example, in a case where the gap between the anode and 

wthe cathode is 2 mm and 10 kV is applied between the anode and the cathode, the vertical electric field is 5 V/um. In 
this case, the emitter material (electron-emitting member) 4 to be used has an electron-emitting electric field value of 
5 V/um or higher. The gap and the drive voltage may be determined in correspondence with the selected electron-emitting 
electric field value. ...... 

[0070] An example of a material haying an electric field threshold of several V/um is fibrous carbon. Each of Figs. 

jjM and 12 shows an example of the configuration, of fibrous carbon. In each of Figs. 11 and 12, the configuration is 
^schematically shown at the optical microscope level (to 1,000 times) in the left-hand section, at the scanning electron 
..microscope level (to . 30,000 times) in the middle section, and at the transmission electron microscope level (to 1000 

.Q00 times) in the right-hand section. „ 

[0071] A graphene structure formed into a cylinder such as that shown in Fig. 11 is called a carbon nanotube 
(a multilayer cylindrical /graphene structure is called a multiwall nanotube). Its threshold value is minimized when the 
tube end is opened. , 

[0072] The fibrous carbon shown in Fig. 12 may be produced at a comparatively low temperature. Fibrous carbon 
having such a configuration is composed of a graphene layered body (thus, it may be referred to as M graphite nanofiber", 
and has an amorphous structure whose ratio is increased with temperature). More specifically, "graphite nanofiber" 
designates a fibrous substance in which graphenes are layered (laminated) in the longitudinal direction thereof (in the 
axis direction of the fiber). In other words, graphite nanofiber ■ is . a fibrous substance in which a plurality of 
graphenes are arranged and layered (laminated) so as not to be parallel to the fiber axis,. as shown in Fig. 12; 
[0073] On the other hand, a carbon nanotube is a fibrous, substance in which graphenes are arranged (in cylindrical 
shape) around the longitudinal direction (fiber axis direction). In other words, it is a fibrous substance in which 
graphenes are arranged substantially parallel to the fiber axis. . N , r 

[0074] One layer of graphite is called "graphene" or "graphene sheet". More specifically, graphite is formed in 
such a manner that carbon planes on which carbon atoms are arrayed so as to form regular hexagons close to each 
other by covalent bond in sp 2 a hybridization are laid one on another while being spaced by a distance of 3.354A: Each 
carbqn plane is called "graphene" or "graphene sheer. v 
[0075] Each type of fibrous carbon has an electron emission threshold value of about 1 to 10 V/um and is therefore 
preferred as the material of the emitter (electron-emitting member) 4 in accordance with the present invention. 
[0076] In particular, electron-emitting devices using graphite nanofibers, not limited to the device structure of 
the, present invention shown in Fig. 1, etc., are capable of causing emission of electrons in a low electric field to 
obtain a large emission current, and can be readily manufactured to obtain as an electron-emitting device having stable 
velectron-emitting characteristics. For example, such an electron-emitting element can be obtained by forming graphite 
nanofibers as an emitter and by providing an electrode for controlling emission of electrons from the emitter. Further, 
if a light emitting member capable of emitting light, when irradiated with electrons emitted from graphite nanofibers is 
used, a light emitting device such as a lamp can be formed. Further, an image display apparatus may be constructed by 
forming an array of a plurality of the above-described electron-emitting devices and by preparing an anode having a light 
emitting material such as a phosphor. In the electron-emitting device, the light emitting device or the image display 
apparatus using above-described graphite nanofibers, stable emission of electrons can be achieved without maintaining 
inside the device or the apparatus an ultrahigh vacuum such as that required in conventional electron-emitting devices. 
Moreover, since electrons are emitted by a low electric field, the device or apparatus can be easily manufactured with 
improved reliability. 

[0077] The above-described fibrous carbon can be formed by decomposing a hydrocarbon gas by using a catalyst (a 
material for accelerating deposition of carbon). The processes for forming carbon nanotubes and graphite nanofibers 
differ in the kind of catalyst and decomposition temperature. 

[0078] The catalytic material may be a material which is used as a seed for forming fibrous carbon, and which is 
selected from Fe, Co, Pd, No, and alloys of some of these materials. 

[007?] In particular, if Pd or Ni is used, graphite nanofibers can be formed at a low temperature (not lower than 
400°C). The necessary carbon nanotube forming temperature in the case of using Fe or Co is 800°C or higher. Also, the 
process of producing a graphite nanofiber material by using Pd or Ni, which can be performed at a lower temperature, is 



rooao^ Ifi^^T 0 ' k ^"""9 the influence on other components and limiting the manufacturing cost. 

LTr!L i . ' charac,ens,,c of Pd ,hat in enabling oxides- to be reduced by hydrogen at a low 

ET fn ^T?"? may 66 ufa * ™ * P alladium «»» ««* be used as a seed foriig material. 

[0081] ff hydrogen reduction us.ng palladium oxide is performed, an initial agglomeration seed can be formed at a 

35X? : ir te T rature (equai to w ,ower ^ 2oo ° c) metai « c *• «sss£5fiir 

patfde forming/deposition conventionally used as ordinary seed forming techniques or uwanne 

E ne Fu ^f r 0 ^" fi0ned hydr0Ca * 0n 9as for example, acetylene, ethylene; methane, propane, or 

K ^Z' h ? 2 ,f S ° r ^ ° f a " ° r9aniC SdVent as ethano ' or aceton « ma * ba «sed in some case. 
[0083] , In the dev.ce of the present invention, the region where the emitter (electrorrtmitting member) exisTwill 
be referred to as Antler region" regardless of contribution to emission of electrons • • * 
2I2LJ Jhe. Position of the electron emission point (electron-emitting portion) in the "emitter region"' arid the 
electron-em.tt.ng operation will be described with reference toFigs.6and7 '.^ - ™ 

100851 , . 7716 electron-emitting device having the distance between the cathode 3 and the extraction electrode 2 to 
severe. m.crons was set in a vacuum apparatus 60 such as shown in Fig. 6. A sufficiently high degroe SSSSStaJ 0 

c^thodeTan7ti?eTxL c « a TS? 9 ^ £"i ^ ^ Va) »** by ^ ^volts than'atTme 
cathode 3 and the extraction electrode was applied from a voltage source ("second voltage application means" or "second 

S2tL?f r an T" ) an ° de 61 ' "** WaS P ' aCed 80 «hat re surface 6 f me ^node Si^tfE? 
IT iw^ ^ y eral millimeters, from the surface of the substrate 1, as shown in Fig: 6. While ttie voltage V^Was^^oolied 

[00861 Between the cathode 3 and the extraction electrode 2 of the electron-emitting device, a voltage of about 

£T2££? T r PP 38 ? n VOlta9e W fr ° m 3 ^ SUpply (not show "> f*« ^toge'a^.icatio?me1n?S 
"first potential appl.cat.on means"). Device current If flowing between the electrodes 2 and 3 and electron eSsion 
current le flowing through the anode were measured. electron emission 

£°H 87 L h" * 8MPP °? ed tha 1 t ' durin 9 ODeration ' equipotential lines 63 are formed as shown in Fig. 6 (an electric 
field (the direction of an electric field) substantially parallel to the surface of the substrate 'l arid iTSS • 

the anode and facing the gap, as md.cated by 64. It is thought that electrons are emitted mainly from the portion of 

Z etctnvTT" 9 ma,erial in *• '« efectric field cohcehtration point, where L lcenS o 
the elec nc field ,s max.rn.2ed. An le characteristic such as shown in Fig. 7 was obtained. That is' le rises abmotlv 

SSS^^^ST" ** e,6Mtti " g «-« * — "- «he prese, ■ JS^ 

5L ^Slt""" 9 82 haS m COnduCt0rS DX1 ' DX2 ' - DXm . ^ich may be constituted by, for example, a 
Z wlnno r« y TT eVap ° rat,0n ' P rintin 9- s P utterinQ - «* «he like. The material, film thickness, and width of 
JST Hn.h ' aCC ° rd,n9 t0 3 SUltable desi 9"- Y^irection wiring 83 has n conductors DY1, BY2; f ... DYn ahd is 
formed n the same manner as X-direction . wiring 82. An interlayer insulating layer (not shown) is provided between the m 
conductors of X-d,rection wiring 82 conductors and the n conductors of Y-direction ^ts^SSSX^SZ 
these conductors (each of m and n is a positive integer). eiectncaiiy separate 

EL ^^WinsulaBng layor (not shown) is, for example, a Si0 2 layer formed by vacuum evaporation, printing, 
ZfT£ i fi. FOr eXarnple ' the int6riayer inSulatin9 fi,m is formed in ^ desired shape over tine whole o 

S f^TZ^l^T^ ° n "** XK,ireCti ° n Winn9 82 h3S 5660 formed and ^ film micknr S s.^teriaT 
Sndurt^ nf ^ are ^ed to ensure wimstanding against the potential difference at the intersections of the 

vtd^n «^ W,nn9 82 and YKlireCti0n Winng 83 in particular - ^ conductors of X-direction wiring 82 and 
Y-d.recbonw.nng 83 are respectively extended outward as external terminals. 

[0091] Pairs of electrodes (not shown) constituting electron-emitting devices 84 are electrically connected to the 
a^cTm™ 

mfS. ^ "!! teria,S f0rmin9 Widng 82 and ^"^ 83 ' 016 material formin 9 the connecting conductors 85 and the 
Pa,fS ^ eleCtr0deS ^ te enfirely ^ted of common constituent elements or pTrtiiy 

Z^lTZ^ T 1 ^^ in ** ° f dWerent COnStituent elements " These materiaTstro 

» f2r . 3 P ' 6 above ^ escnb ed device electrode materials, tf the materials of the device electrodes 

[0093] A scanning signal application means (not shown) for applying scanning signals for selecting the rows of 



electron-emitting devices 84 arranged in the X-direction is connected to X-direction wiring 82. On the other hand, a 
modulation signal generation means for modulating voltages applied to the columns of electron-emitting devices' 84 
arranged in the Y-direction according to input signals is connected to Y<iirecti6n- wiring 83 The drive voltage' applied 
to each electron-emitting device is supplied as a voltage corresponding to the difference between the scanning signal 
and the modulation signal applied to the element. u 
[0094] In the above-described arrangement, each device can be selected by using the passive-matrix wirifig to be 
driven independently. 

[0095] An image forming apparatus constructed by using an electron source having such a passive matrix array will 
be described with reference to Fig. 9. Fig. 9 schematically shows an example of the display panel of the image forming 
apparatus; Referring to Fig. 9, a plurality of elecfron-erhitting devices are disposed on an electron source substrate 81, 
which is fixed on a rear plate 91. A face plate 96 has a glass substrate 93, a phosphor film 94 provided as a light 
emitting. member on the internal surface of the glass substrate 93, a metal back (anode) %/6& A Tltt < mr A p& f w'9^ and 
the face plate 96 are connected to a supporting frame 92 by using frit glass or the like. An ehveibp 97 is formed by 
being seal-bonded by baking in, for example, atmospheric air, a vacuum or in nitrogen' in the 400 to 500°C ternperature 
range for 10 minutes or longer. , - : 

[0096] , b . The envelop J97, as described above, is constituted by the face plate 96, the supporting frame 92, and the 
rear plate 91. The rear plate 91 is provided mainly for the purpose of reinforcing the substrate 81 /If the' substrate 81 
itself has sufficiently high strength, there is no need to separately provide the rear plate : 9i. That is, the -supporting 
frame 92 may be directly^sealrbonded to the substrate 81 and the envelop 97 may be formed by the frame plate 96, the 
supporting frame 92 and the substrate 81. A supporting member (not shown) called a spacer may be provided between the 
face plate 96 and the rear plate 91 to enable the envelop 97 to have a sufficiently high Strength for 'resisting 
atmospheric pressure. ? • 

[0097] Embodiments of the present invention will be described below in detail. 

•. - ' . ... •• • ; - . if. ' 

(Embodiment 1) W . 

[0098] Fig. 1 A shows a top view of an electron-emitting device fabricated in this embodiment. Fig. 1B is a cross- 
sectional view taken along the line 1 B-1 B of Fig. 1 A. 

[0099] Figs. 1A and 1B illustrate an insulating substrate 1, an extraction electrode 2 (gate), a cathode 3, and an 
emitter material 4. 

[01 00] The process of fabricating the electron-emitting device of this embodiment will be described in detail. 
(Stepl) 

[0101] A quartz substrate was used as substrate 1. After sufficiently cleansing the substrate, a 5 nm thick Ti film 
(not shown) and a 30 nm thick poly-Si film (arsenic doped) were successively deposited by sputtering on the substrate as 
gate electrode 2 and cathode 3. 

[0102] Next, a resist pattern was formed by photolithography using a positive photoresist (A21500/ from Clariant 
Corporation). , 

[° 1 03 1 Thereafter, dry etching was performed on the poly-Si (arsenic doped) layer and Ti layer with- the patterned 
photoresist used as a mask, CF 4 gas being used to etch the Ti layer. An extraction electrode 2 and a cathode^ having 
a gap of 5 urn therebetween were thereby formed (Fig. 5A). 

(step 2), ' _ . ,.' l Z: : ,, v * ." f .\ • • . " ••' 

[0104] Next, a Cr having a thickness of about 100 nm was deposited on the entire substrate by electron beam (EB) 
evaporation. 

[0105] A resist pattern was formed by photolithography using a positive photoresist (A21 500/ from Clariant 
Corporation). 

[0106] An opening corresponding to a region (100 um square) where electron-emitting material 4 was to be provided 
was formed on the cathode 3 with the patterned photoresist used as a mask. Cr at the opening was removed by using a 
cerium nitrate etching solution. 

[0107] After removing the resist, a complex solution prepared by adding isopropyl alcohol, etc.; to a Pd complex 
was applied to the entire substrate by spin coating. 

[0108] After application of the solution, a heat treatment was performed in atmospheric air at 300°C to form a 
palladium oxide layer 51 having a thickness of about 10 nm. Thereafter, Cr was removed by using a cerium nitrate etchina 
solution (Fig. 5B). 



(Step 3) 
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n II I ri «" ' S wf 6 !T 3ked 31 200 C ' atmos P heric air evacuated, and a heat treatment was then performed 
in 2% hydrogen flow diluted with n.trogen. At this stage, particles 52 having, a diameter of about 3 to 10 rim were formed 
on the surface of the cathode 3. The density of the particles at this stage was estimated at about-IO"* to. 10 ,2 a particles/cm 
a(Fig.5C). .. . ,. , 

(step4). ■ . ... ...*,, 

[0.110] Subsequently, a heat treatment was performed, in a 0.1% ethylene flow diluted with nitrogen at 500°C for 10 
mmutes.. The state after the.heat treatment was observed with i a; scanning electron microscope to find that a multiplicity 

S" 3 adi T ler0f ab ° Ut 10 10 25 "'"end extending like fibers while curving or bending had been 
formed in the Pd-coated region. The thickness of the fibrous carbon layer was about 500 nm (Fig 5D) . 
[0111] This electron-emitting device was set in the vacuum apparatus 60 shown in Fig. 6. A.suffidently high vacuum 
a w° U l ? a Pa W3S produced bv »» ^ecuating pump 62. Voltage Va = 1 0 kV was applied as anode voltage to the 
anode 61 distanced by H = 2 mm from the device.as shown in Fig,6. Also, a pulse voltage of Vf = 20 V was Seo a? 
dnveyoltage to the device. Device current If and electron emission current le thereby caused were measured " 
=hn « V^V -u' 6 charac,eris,ics of *• electron-emitting device; were as shown in Fig^7. That is. le rises 
abrupfly at.a vo tege about half the applied voltage, and a current of about 1pA was, measured as electron emiSS 

ZuT r» 3 Vf ,r a, l 6 ° f J 5 V - °" 0th6r ^ *** ^eracteristic was similar to the le cterS^t^Z 
value of If was smaller than that of le by an order of magnitude or more. usnsuc .Din me 

EL 1 ?! b_ 15 ° b If ined bea u m had a 9 eneral| y ^angular shape having a longer side along the Y-direction and a shorter 
2, w o ?f ° n - The beam ^ was measured **" ««P«* to different gaps of 1pm and 5 urn between me 

SST£Si^£ was fixed at 15 v and 4,16 distance H 10 the anode was fixed at 2 ™ TaSle 1 = 



25 



30 





Va = 5 kV 


Va = 10kV 


Gap: 1 pm 


60 pm in x-direction ,* 
170 pm in y-direction 


30 pm in x-direction 
150 pm in y-direction 


Gap: 5 pm 


93 pm in x-direction 
170 pm in y-direction 


72 pm in x-direction 
150 pm in y-direction 
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ionnfL , T t0 Cha " 9e *• nece ssary electric field for driving by changing the fibrous carbon growth 

Imlw I T '1 l Vera96 Partide SiZe ° f Pd Partides formed reduction of P al| eeium oxide is related to the 
SSSi'12r US ^ 9rown. It was possible to control the average Pd particle size through the Pd 

density inthe Pd complex coating and the rotational speed of spin coating. r ■ : 

[01 15] The fibrous carbon of this electron-emitting device was observed with' the transmission electron microscope 
to recognee a structure in which graphenes are layered in the fiber axis direction, as shown in the right-hand section 

aLuf'sM-C^Tr?^ w'" 9 nT' alS ( * *" M ^ heatin 9 * * 'ewer temperature, 

about 500 C were indefinite and was 0.4 nm. As the heating temperature was increased, the gratinq intervals became 
definrte. The intervals resulting from heating at 700'C were o:34 nm, which is dose to 0.335*nm^gTapl?it? ^ 



(Embodiment 2) 



[0116] Fig. 2 shows a second embodiment of the present invention, 

IS ' n Ws embodiment, an electron-emitting device was fabricated in the same manner as that in the first 
50 S ^ , ° ath0de 3 corres P° ndin 9 to toat in the first embodiment had a thickness of 500 nm and fibrous 
carbon provided as electron-emitting material 4 had a thickness of 100 nm. Currents If and le in the fabricated electron- 
emitting device were measured. 

J!'*? . "l "! ^I 06 arran9ement ' * e electron emission point was positively heightened (toward the anode) relative 
1°^ JLr I 8< T e 5 T 38 '" 9 the thiCkneSS ° f the Cath0de 3 " Rectories along which electrons impinge on the 
55 phlno V preventin9 a reduclion in efficiency and occurence of a beanvmickening 



[0119] Also in this device arrangement, the electron emission current \e at Vf = 20V was about IjiA. 'On the other 
hand, the If characteristic was similar to the le characteristic but the value of If was smaller than that of le by two 
orders of magnitude. ■ ... . 

[0120] The results of measurement of the beam diameter in this embodiment were substantially the same as those 
shown in Table 1. ........ ; , . ■ 

(Embodiment3) t " , 

[0121] Fig. 3 shows a third embodiment of the present invention. 

[0122] In this embodiment, in the step corresponding to step 2 in the first embodiment, palladium oxide 51 was 
provided on the cathode 3 and in the gap between the electrodes 2 and 3. Pd oxide was provided in the gap in such a 
manner as to extend from the cathode 3 to a point near the midpoint of the gap. Excepting step 2, this embodiment is the 
same as the first embodiment. 

[0123] The electric field in the electron-emitting device of this embodiment was twice as strong as that in the 
first embodiment because the gap was reduced, thereby enabling the drive voltage to be reduced to about 8 V. V 

(Embodiments ,. . 

[0124] Fig. 4 shows/ a fourth embodiment of the present invention.- In this embodiment step 1 and step 2 described 
above with respect to the first embodiment are changed as described below. , 

'(stepi) ' " . ' f^'' ' f ". 

[0125] A quartz substrate was used as substrate 1. After sufficiently cleansing the substrate, a 5 nm thick Ti film 
and a 30 rim thick poly-Si film (arsenic doped) were successively, deposited by sputtering on the substrate as cathode 3. 
[0126] Next, a resist pattern was formed by photolithography using a positive photoresist (AZ1500/ from. Clariant 
Corporation). ..' 

[0127] Next, dry etching was performed on the poly-Si layer and Ti layer by using CF 4 gas, with the patterned 
photoresist used as a mask. Cathode 3 was thereby formed. \ . 

[01 28] ; The quartz substrate was then etched to a depth of about 500 nm by using a mixed acid formed of hydrofluoric 
acid and amrnonium fluoride. 

[0129] . Subsequently, a 5 nm thick Ti film and a 30 nm thick Pt film were successively deposited on the substrate as 
r gate electrocje 2 by again performing sputtering. After removing the photoresist from the cathode, a resist .pattern was 
again formed by using a positive photoresist (AZ1500/ from Clariant Corporation) to form the gate electrode. 
[0130] Next, dry etching was performed on the Pt layer and Ti layer by using Ar, with the patterned photoresist 
used as a mask. Electrode 2 was thereby formed so that the step formed between the electrodes functions as a gap. . 
[0131] . Next, a resist pattern was formed on the cathode, a Ni film having a thickness of about 5 nm was formed by 
resistance heating evaporation having a good straight-in effect, and oxidation was thereafter performed at 350°C for 30 
minutes.. .. . .., . . 

[0132] this step was followed by the same steps as those in the first embodiment.. % 

[01 33] The above-described device arrangement enabled formation of a finer gap such that electrons were effectively 
emitted at a lower voltage of about 6 V. , 

[0134] Because, the height of the electron-emitting .material 4 (film thickness) was. increased relative to that of 
the gate electrode, electrons were drawn out not only from the upper portion of the electron-emitting material s but 
also from an intermediate portion. Thus, the arrangement in this embodiment has the effect, of preventing a reduction in 
efficiency due to impingement of electrons on the gate electrode and occurrence of a beam-thickening phenomenon. 

(Embodiments) 

[0135] An electron source obtained by arranging a plurality of the electron-emitting devices fabricated the first 
embodiment and an image forming apparatus using this electron source will be described with reference to Figs. 8, 9, and 
10. In Fig. 8 are illustrated an electron source substrate 81, X-direction wiring 82, Y-direction ; wiring 83, electron- 
emitting devices 84 in accordance with the present invention, and connecting conductors 85. 

[0136] The electron source with matrix wiring shown in Fig. 8, in which the device capacitance is increased by 
arranging a plurality of electror^emitting devices, has a problem that, even when a short pulse produced by pulse^width 
modulation is applied, the waveform is dulled or distorted by capacitive components to cause failure to obtain the 
necessary grayscale level, for example. In this embodiment, therefore/a structure is adopted in which an interiayer 
insulating layer is provided by the side of the electron-emitting region to limit the increase in capacitive components 



in regions other than the electron-emitting region. •.„•-• 

SVnm ^^f^n 8, **« 82 *** m conductors DX1, DX2, ... DXm. which has a thickness of 

about 1 M m and a width of 300 urn, and which is formed of an aluminum wiring material by evaporation. The material film 
2nS; a nvrnvf are ^'ected according, to a suitable design. Y-direction wiring STn 

Zn«»?« 2?' „ ' • • Dy o*o r*** h3S 3 thiCkneSS ° f 5 Mm and ^ of 100 Mm. and which is formed in the same 
manner as X-d.recbon winng 82. An intertayer insulating layer (not shown) is provided between the m conductors of X- 
d,rection winng 82 and me n conductors of YOirection wiring 83 to electrically separate these conduct SI 
and n is a positive integer). v •■■ 

E , twJ?* inte lT inS " latin9 ' ayer (n0t ShbWn) is> for example ' a Si °' formed by sputtering or the like and 
S o a r t^Tm I"' ° :8 ,T F ° r eXampl8 ' interlayer insulatin 9 fi,m * formed ih *e desired shape-over the 
"'JESpS SI ^- 0 ^ substrate 81 on which X-direction wiring 82 has been formed: Specifically, 2 

? ?r ^ f " m * detem,ined 80 33 l ° enSUre withstanding against the potential difference 
at the intersections of the conductors of X-direction wiring 82 and Y-direction wiring 83. The conductors of X-direction 
winng 82 and Y-direction wiring 83 are respectively extended outward as external terminals 

, t Pa f v ° f el f trodes < not sn °wn) constituting, electrorhemitting devices 84 are electrically connected to the 

:^s:z^;t°L 9 82 and - n conductors of ™ rection wrin9 83 by 85 ^ - 

S!S!L m ^ A r an !! in9 Si9 2 a ' application means < not show ") for aPP^ng scanning signals for selecting the rows 
of electron-em.tt.ng devices 84 arranged in the X-direction is connected to X-direction wiring 82. Onthe overhand a 
mo^<« ^ generation means for modulating voltages applied to the columns of el ectror^mitting- devices' 84 
arranged n the Y-d>rection according to input signals is connected to Y-direction wiring 83. The drive voltage applied 
L 6a -£ e '^7;* m,tt ! n 9 device is . su PP |ied » a voltage corresponding to the difference between the scanning signal 

oai^Sfo , S '?r f P ' ed t0 e ' em?nt - me Pr6Sent inV6nti0n ' Y - direction wiri "9 83 « connected to the 
gate electrodes 2 of the electron-emitting devices described above with respect to the first embodiment while X- 

l^ZZy 9 " T****?- C3th0deS 3 ° f el6men,S - ThiS action reafees a beam convergence effect 
which charactenzes the present invention. W ^ T , 

drtltnindeplnd^riUy b0VeKleSCribed m ** &mnt ' 6300 e,em6nt can be selec,ed usin 9 «»» passive-matrix wiring, to be 

[° 1 * 2] . w *\i ma 9 e formin 9 apparatus constructed by using an electron source having such a passive matrix array will 
descnbed with reference to Fig. 9. Fig. 9 is a diagram showing the display panel of the image fonning apparatus. 

[0143] Refemng to Rg. 9, the electron source having the plurality of electron-emitting devices described above with 

^l?I e £«t 9 ', 8 18 prov,ded on a" electron source substrate 81. The substrate 81 is fixed oh a reaf plate 91. A face 
t h f f 9 ' ass substrate 93 ' 8 Phosphor film 94 provided as a light emitting' member on the internal surface 1 of the 

glass substrate 93, a metal back 95, etc. The rear plate 91 and the face plate 96 are connected to a supporting frame 92 

IS tlZ?,^ enVe,dP 97 iS f ° med by *»" sanded by baking in a vacuum at about a 
temperature of 450 C for 10 minutes. The electron-emitting devices 84 conespond to the electron^mitting region's shown 

* X " d T^. W,nn ? f and 83 are connected to the pairs of electrodes of the electron- 

emitting elements in this embodiment. 

[0144] The envelop 97, as described above, is constituted by the face plate 96, the supporting frame 92, and the 
rear plate 91. A supporting member (not shown) called a spacer is provided between the face plate 96 and the rear plate 
91 to enable the envelop 97 to have a sufficiently high strength for resisting atmospheric pressure 

I k 145 L «, A f er J . fabncation of Phosphor film, the metal back 95 is made by smoothing the inner surface of the 
phosphor film (ordinanly called "filming") and by thereafter depositing Al by vacuum evaporation or the like 
[0146] • The face plate 96 further has a transparent electrode (not shown) provided on outer surface of the phosphor 
film 94 to improve the conductivity of the phosphor film 94. , 

PI? 71 « m 1 "! SCanni " 9 dr ° Uit 102 Wi " be described - The scanning circuit 102 includes M switching devices 
(schematically shown as S1 to Sm in the figure). Each of the switching devices S1 to Sm selects one of the output 
voltage from a direct^urrent voltage source Vx and 0 (V) (ground level). The switching devices S1 to Sm are 
respectively connected to terminals Dx1 to Dxm of the display panel 101. Each of the switching devices S1 to Sm operates 
on the basis of a control signal Tscan output from a control circuit 103, and may be a combination of a switching device 
such as a field-effect transistor (FET) and other components. In this example, the direct-current voltage source Vx is 
configured to output a constant voltage such that the drive voltage to be applied to a device which is not scanned on 
the basis of characteristics of the electron-emitting device (electron emitting threshold value voltage), is not higher 
than the electron-emitting threshold value voltage. 

[0148] The control circuit 103 has the function of matching the operations of the components with each other to 
suitably perform display on the basis of input signals externally supplied. The control circuit 103 generates control signals 
I scan, Tsrt, and Tmry to the components on the basis of sync signal Tsync supplied from a sync signal separation circuit 



[0149] The sync signal separation circuit 106 is a circuit for separating sync signal components and luminance 
signal components from an NTSC television signal externally supplied. This circuit can be formed by using an ordinary 
frequency separation (filter) circuit, etc. The sync signal separated by the sync signal separation circuit 106 is 
formed of a vertical sync signal and a horizontal sync signal. However, it is shown as Tsync in the figure for 
convenience sake. Image luminance signal components separated from the television signal are shown as DATA signal for 
convenience sake. The DATA signal is input to a shift register 104. 

[0150] The shift register 104 is a device for serial to parallel conversion, with respect to each image line, of 
the DATA signal which is input in' time sequence/The shift register 104 operates on. the basis of control signal Tsft 
supplied from the control circuit 103. (That is, control signal Tsft may be considered to be a shift dock for the shift 
register.) Data corresponding to one image line after sen alto parallel conversion (corresponding to data for driving N 
electron-emitting devices) is output as N parallel signals Id1 to'ldh from the shift register 104. 

[0151] The line memory 105 is a storage device for storing data corresponding to one image line for a necessary 
time period. The line memory 105 stores the contents of the signals. Id 1 to Idn according to control signal Tmry supplied 
from the control circuit 103. The stored contents are output as I'd1 to >dn to be input to a modulation signal generator 107. 
[0152] The modulation signal generator 107 is a signal source for suitably modulating signals for driving the 
electron-emitting devices according to image data items I'di, to J Tdn. ' Output signals from the modulation signal 
generator 107 are applied to the electron-emitting devices in the display pa nefl 11 through terminals Doy1 to Doyn. 
[0153] As described above, each electron^emitting device to which the present invention can be applied has basic 
characteristics described below with respect to emission current I e. That is, there is a ; definite threshold value 
voltage Vth with respect to emission of electrons. Emission of electrons is caused only when a voltage higher than Vth 
is applied. When a voltage higher than the electron emission threshold value is applied to the electron-emitting device 
the emission current changes according to changes in. the applied voltage.' therefore, in a case where a.voltage in the 
form of pulses is applied to the electron-emitting device, electron emission is not . caused when the value , of the applied 
voltage is lower than the electron emission threshold value, but an. electron beam is output when the value of the 
applied voltage is equal to or higher than the electron emission threshold value. Jn this case, the strength of the 
electron beam can be controlled by changing the pulse crest vaiue Vm. Also, the total amount of charge of the output 
electron beam can be controlled by changing the pulse width Pw. 

[01 54] Therefore, a voltage modulation method, a pulse-width modulation method or the like can be used as a method 
for modulating the electron-emitting device according to the input signal. If the ..voltage modulation method is carried 
out, a voltage modulation type of circuit capable of generating voltage pulses having a constant duration, and 
modulating the pulse crest value according to input data may be used as modulation signal generator 107. 
[0155] If the pulse^width modulation method .is carried out, a pulse-width modulation type of circuit capable of 
generating voltage pulses having a constant crest value and modulating the pulse width of the voltage pulses according 
to input data may be used as modulation signal generator 107. 

[0156] Each of the shift register 104 and the lirie memory. 1 05 used in this.embodiment is of a digital signal type. 
[0157] In this embodiment, a digital to analog converter circuit, for example, is used in the modulation signal 
generator 107 and an amplifier circuit, etc., are added if necessary. For example, in the case where the pulse-width 
modulation method is used, a combination of a high-speed. oscillator, a counterfor counting the number of waves output 
from the oscillator, arid a comparator for comparing the output value of the counter and the output value of the above- 
described memory is used in the modulation signal generator 107. 

[0158] The configuration of the image forming apparatus described above is an example of the image forming 
apparatus to which the present invention can be applied. Various modifications and changes can be made therein . on the 
basis of the technical spirit of the present invention. The input signal is not limited to the above-mentioned NTSC 
signal. Those in accordance with the PAL system and the SECAM system and other TV signals corresponding to a larger 
number of scanning lines (e.g., those for the MUSE system and other high-definition TV systems) may also be used. 
[0159] Images were displayed on ah image display apparatus made in accordance with this embodiment. High- 
luminance high-definition images had been displayed on the image display apparatus with stability for a long period of time. 
[0160] According to the present invention, as described above, the specific capacitance of an electron-emitting device 
can be reduced and the drive voltage can also be reduced. An electron source having improved efficiency and a smaller 
beam size can be realized by using such an electron-emitting device. 

[0161] An image forming apparatus having high resolution, e.g., a color flat-screen television can be realized by 
using the electron-emitting device in accordance with the present invention. 

[0162] An electron-emitting device in which the specific capacitance and the drive voltage are reduced and which 
is capable of obtaining a finer electron beam by controlling the trajectory of emitted electrons. 'An electron-emitting 
portion of an electron-emitting member is positioned between the height of a gate and the height of an anode When the 
distance between the gate and a cathode is d; the potential difference at driving the device is V1; the distance between 
the anode and the substrate is H; and the potential difference between the anode and the cathode is V2 then the 
electnc field E1 = V1/d during driving is configured to be within the range from 1 to 50 times E2 = V2/H 



Claims - . . ■ 

1. An electron-emitting apparatus, comprising: 

A) a first electrode arid a second electrode disposed on a surface of a substrate; 
5 ; SpSt^^ "« apo^a. 

C) an electron-emitting member disposed on sa'id first electrode; 

15 ■ St^^S^^L^ 10 ^ leC,r0de 3 P 0 ' en ' ia ' higher than each of the 

^ri^Tj S " rfa <*° f / aid ^ e'fctron^mittirig member is placed betWeen a plane including a surface of said second 
e ecfrode and substantially parallel to the surface of said substrate and a plane in 

electrode and substantially parallel to the surface iof said I substrate; and « 'nauomg a surface of said .third 

20 hah _ When * 6 diSta " ce Wtween second electrode and said first electrode is d; the potential difference anolied 

between said second electrode and said first electrode by said' first voltage appficatibn means bT^££ 

saf S"! I h ^ ™ SUbStrate iS H; and ^W*** Terence between the SaTappS to 

said Jiird electrode by sa,d second voltage application means and the potential applied to said first e ecTrotte bv 

are^S^^ ^ b * & V1/d ^^.N.ra^tS^ . 

2 ' iSS^^ ^ ^ ^ ■* said fiW e.ep.rode is larger .thaSthe 

30 3 " stldfi?!^^^ to^claim ^characterized in that said electron-emitting member extends from ^position on 

sa.d first electrode to a posibon on sa.d subsfrate P «on on 

4 ' iSZ? 1 •? f^'**™*** -n'«hat said substrate has a difference in level between said 
sSnoe!SS I frst electrode, and said third electrode is closer to said first electrode than to said 
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* l n te a L P , ara ? aCCOrdi " 9 10 ° na 6f C,aimS 1 to < characterized in that said electron-ernitting member is made of a 
matenal containing carbon as a main ingredient. • a "iwnuer is maqe or a 

40 6 ' fib^os^n. aCCOrdin ° t0 d3im 5,CharaCteri2ed in said materia, containing carbon as a main ingredient is 

7 ' ^ a ^ a ra ?K aCCOrdin ! 10 daim e.^aracterized in that said fibrous carbon comprises a graphite nanofiber a 
carbon nanotube. amorphous carbon, or a mixture of at least two of these materials. nanopoer. a 

8. An apparatus according to claim 7, characterized in that said fibrous carbon is grown by means of catalytic particles. 
9 ' o7l?ZZ S S™^t im ** ^partides are made of Pd, Ni. Fe, Co or an a„oy 

""a ZlZ a ^^V° t a J °1 ^ 1 10 9 ' cha racterized 'n that a pluranty of said first electrodes. and 
a plurality of said second electrodes are disposed on the surface of said substrate. 

11 'se^nd P e i^ U ir° rd rJ 0 10 ' ch aracterized in that said plurality of first electrodes and said plurality of 
second electrodes are electrically connected to wiring in matrix form. p y 
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12. An apparatus according to claim 10,characterized in that a phosphor capable df emitting light When irradiated 
with electrons emitted from said electron-emitting member is provided on said third electrode:' : : " 

13. An image display apparatus using an electron^emitting device according to claim 12. 

14. An electron-emitting device, comprising: 

A) a fiber having carbon as a main ingredient; arid "' ■ ■ r 

B) an electrode for controlling emission of electrodes from said fiber having carbon as a main ingredient; wherein 

said fiber containing: carbon as a main ingredient has a plurality of graphenes layered so as not to be parallel 
to the axis direction of said fiber. 

15. An electron-emitting device , according to claim 14, characterized in that the ' plurality of graphenes are 
substantially parallel to each other. 

16. An. electron-emitting device according to claim 14 or 15/ further comprising a cathode, fcharacterized in that said 
fiber having carbon as a main ingredient is provided on said cathode and is electrically connected to said cathode. 

1 7. An electron-emitting device according to any one of claims 1 4 to 16, characterized in that said cathode arid said 
electrode for controlling emission of electrons are disposed on one substrate, a gap being formed between said 
cathode and said electrode for controlling emission of electrons. 

18. An electron-emitting device according to any one of claims 14 to 17, characterized in that said electron-emitting : 
device comprises a plurality of said fibers having carbon as a main ingredient. 

19. A light-emitting apparatus comprising an electron-emitting device accordirig to any one of claims 14 to 18, and a 
light-emitting member. 

20. An image display apparatus, comprising: 

a plurality of electron-emitting devices and. a light emitting member capable of emitting light when irradiated 
, with electrons emitted from some of said plurality of electron-emitting devices; wherein 

each of said plurality of electron-emitting devices' is constituted by an electron-emitting device according to 
any one of claims 14 to 18. 

21. An electron-emitting apparatus, comprising: 

■ -j • • 

A) a first electrode and a second electrode disposed on a surface of a substrate; 

B) first voltage application means for applying to said second electrode a potential higher than a potential 
applied to said first electrode; 

C) a plurality of fibers disposed on said first electrode, said fibers containing carbon as a main constituent; 

D) a third electrode disposed so as to face said substrate, electrons emitted from said fibers reaching said 
third electrode; and 

E) second voltage application means for applying to said third electrode a potential higher than each of the 
potentials applied to said first and second electrodes; wherein 

a surface region of said fibers is placed between a plane containing a surface of said second electrode and 
substantially parallel to the surface of said substrate and a plane containing a surface of said thin* electrode and 
substantially parallel to the surface of said substrate. 



J2£Z^ T"??? aPparatUS aCCOrdm9 40 daim ^-characterized in that when the distance between said second 
Sf^l!? f' d fifSt eleC,rDde iS d: 1,16 P 016 " 831 difference a PP |ied said second electrode and saW 

first electrode by said first voltage application means is V1; the distance between said third electrode and said 

! "r V POten,ia, diff6renCe b6tWeen lhe P 0160 " 3 ' a PP ,ied to 831(1 electrode by said second 

voltage application means and the potential applied to said first electrode is V2, then an electric field E1 = V1/d 
is within the range from 1 to 50 times an electric field E2 = V2/H. . 

23 ' n^L aPP . aratUS aCCOrdi "9 to daim 21 or 22,characterized in that each of said fibers having carbon as a main 
ingredient compnses a carbon nanotube. 

24. An apparatus according to any one of claims 21 to 23, characterized in that each of said fibers containing carbon 
as a mam ingred.ent comprises a plurality of graphenes stacked so as to be nonparallel to the axis direction of said fiber. 

25 " af ^.pr»Z a H S a T rdi " ( 9 V* °" e ° f ClaimS 21 10 23t chara cterized ^ that a material more effective in 
acceterating depositor , of camon than the material of said first electrode, is provided between said fibers having 
carbon as a main ingredient and said cathode. . - > - !T 

26 ' J^nT^- S t°,daim 25,characterteed in that said material effective in accelerating deposition of 
carbon compnses Pd, Ni, Fe, Co or an a|loy formed of at least two of said metals. 

"'r^^T^^T^ t0 ^ 25 ' characteri " d in »at said material effective in accelerating, deposition of 
carbon is provided in the form of a plurality of particles on said first electrode. 

28. An apparatus according to claim 27,characterized in that said plurality of particles are provided on said first 
electrode at a density of 10 10 a partjcles/cm 2 4 or higher. 

29 "i« 5 d!^^ S '° any ° ne of daims 21 t0 28 ' characterized in that the thickness of said first electrode 

is larger than the thickness of said second electrode. 

3 \n^ PPa ^ 3CC ! 0rdin9 t0 any °" e ° f daimS 21 ,0 29, characterized in that a plurality of said first electrodes 
and a plurality of said second electrodes are disposed on the surface of said substrate. 

31. An apparatus according to claim 30, characterized in that said plurality of first electrodes and said plurality of 
second electrodes are electrically connected to wiring in matrix form. 

^'wi^S^l^S t °vf! a i m 30 - characteri ^ in that a phosphor capable of emitting light when irradiated . 
with electrons emitted from said fibers is provided on said third electrode. 

33. An image display apparatus using an electron-emitting device according to claim 32. . 

34. An electron-emitting device, comprising: 

A) a first electrode and a second electrode disposed on a surface of a substrate, a gap being formed between 
said first and second electrodes; and 

B) a fiber provided on said first electrode, said fiber containing carbon as a main ingredient; wherein 

said second electrode comprises an electrode for controlling emission of electrodes from said fiber havinq 
carbon as a main ingredient; and 

said fiber containing carbon as a main ingredient comprises graphene. 



35. An electron-emitting device according to claim 34, characterized in that the distance between an extreme end of 
said fiber and the surface of said substrate is larger than the distance between the surface of said second 
electrode and the surface of said substrate. 



36. An electron-emitting device according to claim 34 or 35, characterized in that said graphene comprises cylindrical 
graphene. 

37. An electron-emitting device according to any one of claims 34 to 36, characterized in that said electron-emitting 
device comprises a plurality of fibers containing carbon as a main ingredient. 

38. A light-emitting device comprising an electron-emitting device according to any one of claims 34 to 37, and a 
light-emitting member. 

39. An image display apparatus comprising a plurality of electron-emitting devices and a light emitting member capable 
of emitting light when ; irradiated with electrons emitted from some of said plurality of electron-emitting 

devices, characterized in that each of said plurality of electron-emitting devices is constituted by an electron- 
emitting device according to any one of claims 34 to 37. 
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